The relationships between various parameters of the laying cycle and feather loss from different parts of the body were studied in broiler breeders and layer hens. The pattern of feather loss was similar in both types of bird and was most pronounced on the breast. In both the broiler breeders and layers, there were significant negative correlations between overall feathering and egg production at 52 weeks of age and significant positive correlations between overall feathering and age at first egg. Other relationships between feathering and parameters of the laying cycle were more pronounced in the broiler breeders than in the layers, even though the former laid fewer eggs.
I. Introduction
Feather loss and plumage damage in caged domestic hens (Gallus gallus domesticus) are complex and controversial issues of considerable importance on both economic and welfare grounds (H UGHES , 1985 ; T IND , 1985) . When feathers are removed or damaged the insulation efficiency of the plumage is reduced and food intake increases (E MMANS and CHARLES, 1977 ; T AUSON and S VENNSON , 1980) . Areas of exposed skin are more likely to be wounded or become infected, the removal of feathers involves pain or discomfort for the birds and birds with damaged plumage are aesthetically unattractive, which leads to adverse public opinion (H UGHES , 1985) . There is, therefore, a clear need to elucidate the factors which lead to feather loss. The present study was concerned with one particular aspect of this problem ; the relationship between feather loss and egg production.
Various authors have reported that poor feathering is associated with higher egg output (H UGHES , 1980 ; T AUSON and S VENSSON , 1980 ; TuLLEZ-r et al., 1980 ; H UGHES , 1983) . However, in most of these studies, only total egg output and overall feathering or total egg output and feathering of a limited number of body regions were considered. Furthermore, in all of these studies, only layer hens were used. The present study investigated feather loss from each of the various parts of the body and its relationship to different parameters of the laying cycle in both broiler breeders and layers. 3. Egg production at peak of lay (i.e. egg production during the 28 days of greatest egg production).
4. Egg production during I,. I, was defined as the period between the day on which the first egg was laid and the peak of lay. 5. Egg production during 1 2 . 1, was defined as the 137 days following the peak of lay.
6. Egg production during 1,. 1, was defined as the 112 days following 1 2 -7. Total egg production at 52 weeks of age.
Egg production at peak of lay and during 1,, I Z and I, were expressed as percentage production per hen day (i.e. number of eggs laid/number of days x 100).
III. Results
At 18 weeks of age the mean (± SEM ) weight of the broiler breeders was 2.21 (± 0.04) kg and that of the layers was 1.46 (± 0.03) kg. This difference was significant (P < 0.05 ; 2-tailed ' t ' test). Table 1 shows the mean (± SEM ) values for the various parameters of the laying cycle in the broiler breeders and layers respectively. The broiler breeders were inferior to the layers in respect of all of the parameters of the laying cycle measured. Table 2 shows the mean (± SEM ) feathering scores of the broiler breeders and layers respectively. Global feather condition did not differ between the two types of bird but the broiler breeders had significantly lower feathering scores for the wings than the layers. In both types of bird feathering scores for the breast were significantly lower than for other parts of the body. Table 3 shows the correlations between feathering scores for various parts of the body and total egg production at 52 weeks of age. In both types of bird there were significant negative correlations between global feathering score and egg production at 52 weeks of age and between wing feathering scores and egg production at 52 weeks of age. However, in the layers all other correlations were non-significant, whereas in the broiler breeders significant negative correlations also existed between feathering scores for the breast and tail respectively and egg production at 52 weeks of age. Table 4 shows the correlations between the various parameters of the laying cycle and global feathering scores in the broiler breeders and layers. In both types of bird there was a significant positive correlation between age at first egg and global feathering score and a significant negative correlation between egg production at 52 weeks and global feathering score. However, in the layers all other correlations were nonsignificant ; whereas in the broiler breeders age at peak of lay, production during 1 1 , production during 1, and production at peak of lay were in significant negative correlation with global feathering score.
IV. Discussion
With the exception of the wings, the feather scores of the broiler breeders and layers did not differ significantly, implying that the pattern of feather loss was similar in both types of bird, despite their differing size and laying performance. In both the broiler breeders and layers, feather loss was significantly greater from the breast than from other regions of the body. This last finding is consistent with those of H UGHES (1983) (T IND , 1985) . However, when birds are caged individually, although the possibility that hens may have their feathers removed by birds in adjacent cages (HILL and B ALLANTYNE , 1980 ; H UGHES , 1980 ; cannot be wholly ignored, it seems likely that auto-or self-pecking, in which birds remove their own feathers (S ANGER and H AMDY , 1962 ; HILL, 1980) , and abrasion are the major cause of feather damage and loss (H UGHES , 1985) .
In his review of the causation of feather loss and damage in caged birds, H UGHES (1985) concluded that feather damage on some regions of the body (notably the breast) is consistent with abrasion due to rubbing against the sides and/or floor of the cage during the performance of pre-laying behaviour patterns, such as stereotyped escape behaviour (W OOD -GuSH, 1972 ; and vacuum nestbuilding behaviour ; whereas damage on other parts of the body (such as the back), which are unlikely to come into contact with the cage, is probably attributable to self-pecking. Evidence in support of the link between prelaying behaviour and feather damage or loss from certain regions of the body, suggested by H UGHES (1980, 1985) , comes from several sources. These are :
Firstly, the existence of a positive relationship between egg production and feather loss -particularly from the breast (H UGHES , 1980 ; 1983 ; T AUSON and S VENSSON , 1980 ; T ULLE TT et al., 1980) . Laying hens present high plasma oestrogen levels which are known to inhibit feather growth (L UCAS and S TE TT ENHEIM , 1972 ; P AYNE , 1972 ; JOHN- Secondly, feather loss from the breast is heritable (B ESSEI , 1984) and certain elements of pre-laying behaviour, which might contribute to the occurrence of abrasion, are also heritable .
Thirdly, replacing wire mesh partitions between cages with smooth sheets reduces feather damage and loss, presumably because of reduced abrasion (T AUSON , 1977 ; HILL, 1980 ; H UGHES and M ICHIE , 1982) .
The findings of this study are consistent with the first of the three lines of evidence described above. Firstly, in both the broiler breeders and layers, there were significant negative correlations between overall feathering and egg production at 52 weeks of age. Secondly, in both types of bird, feather damage was most pronounced on the breast and wings ; such damage is consistent with abrasion during pre-laying behaviour. Furthermore, such damage was significantly correlated with egg production at 52 weeks in the broiler breeders and significantly correlated (wings) or almost significantly correlated (breast ; P = 0.07) with egg production at 52 weeks in the layers. Thirdly, in both types of bird, there was a significant positive correlation between age at first egg and overall feathering ; thus the birds which came into lay first, and therefore expressed pre-laying behaviour over the longest period, showed the greatest feather damage. Fourthly, the relationships between overall feathering and the various parameters of egg production measured were stronger in the broiler breeders than in the layers, even though the former laid fewer eggs. This implies that egg production is not directly related to feather loss but rather that there is a variable link between these two traits. Pre-laying behaviour would appear to meet the requirements of this link.
In conclusion, the results of this support H UGHES ' S (1980 ; 1985) conclusion that feather loss and egg production in laying hens are linked by abrasion which occurs during the expression of pre-laying behaviour and extend this observation to broiler breeder hens. Furthermore, because the relationships between feather loss and egg production were stronger in the broiler breeders than the layers, despite the former's inferior laying performance, it is possible to make certain predictions concerning prelaying behaviour and egg production in the two types of bird. Firstly, at least within the strains used here, broiler breeder hens should present more pre-laying behaviour associated with abrasion than layer hens and/or, perhaps because of their larger size, rub against the sides of the cage more than layers during such behaviour. Secondly, within strains, the amount of abrasion related pre-laying behaviour should, if weighted for egg output, correlate positively with feather loss. Verification of either or both of these predictions would further support the notion (H UGHES , 1980 ; that egg production and feather loss are linked through pre-laying behaviour. 
